I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

*T*he continuous development of esthetically acceptable adhesive restorative materials has made a variety of tooth-colored materials available for clinical use.\[[@ref1]\] Currently, the clinician has resin composite, polyacid-modified resin composite, resin-modified glass ionomer, and traditional glass ionomer restoratives as options for direct restorations.\[[@ref2]\] In addition, resin composite materials are available with a variety of filler types that affect both their handling characteristics and physical properties. The ultimate esthetics of these tooth-colored restoratives are strongly influenced by the final surface polish.\[[@ref3][@ref4]\]

The proper finishing and polishing of dental restoratives are critical clinical procedures that enhance the esthetics and longevity of restorations.\[[@ref5]\] The surface texture of dental materials has a major influence on plaque accumulation, discoloration, wear, and esthetical appearance of direct and indirect restorations.\[[@ref6]\] Furthermore, a smooth surface adds to the patient\'s comfort, as a change in surface roughness of 0.3 μ can be detected by the tip of the tongue.\[[@ref7]\]

Early studies have shown that smoothest surface of a restoration is attained when the resin is polymerized against an appropriate matrix strip. When such a matrix is not used, polymerization of the outer layer is inhibited, resulting in a surface layer rich in organic binder, which has a sticker, softer consistency.\[[@ref8]\] Since such a finish cannot be maintained, further contouring and finishing are required.\[[@ref9]\] Finishing is the gross contouring of a restoration to obtain desired anatomy, whereas polishing refers to the reduction of the roughness and removal of scratches created by finishing instruments.\[[@ref10]\] Research has been done to develop new monomers for resin matrix and studies that focus on loading, particle size, and silanation have been conducted on the filler content.\[[@ref11][@ref12][@ref13]\]

In recent years, efforts have been made to analyze the suitability of numerous systems available for the finishing and polishing of composites. The effect of polishing systems on surface finish has been reported to be material dependent, and the effectiveness of one-step systems was mostly material dependent.\[[@ref14]\] To date, little information is available on how to finish and polish nanostructured resin composites. With the development of nanocomposites, update evaluations of polishing procedures and their impact on bacterial adhesion are necessary.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The study was conducted in the Department of Conservative Dental Science, College of Dentistry, Prince Sattam Bin Abdulaziz University, KSA; wherein three resin composites, one nanohybrid, one nanoceramic, and one bulk-fill resin-based composite, were used in this study. The study was approved and cleared by the Institutional Ethical Committee vide approval letter no. EC 6426279S. The resin composites evaluated were Tetric Evo Ceram, Ceram-x, Tetric N Ceram Bulk-fill, and Z250 as a control. [Table 1](#T1){ref-type="table"} shows the materials tested.

###### 

Restorative materials investigated

![](JISPCD-3-104-g001)

S[URFACE ROUGHNESS TEST]{.smallcaps} {#sec2-1}
------------------------------------

Cylindrical Teflon mold and 8 mm in diameter and 2 mm in thickness disc specimens were prepared. For each composite material, 15 discs were fabricated, with a total of sixty discs were obtained (*n* = 60). The composite materials were placed in the mold using OptraSculpt (Ivoclar Vivadent, Schaan, Liechtenstein) modeling instruments; the composite materials were covered with a Mylar strip. A glass slide 1--2 mm thick was placed over the strip before curing with the light-curing unit (Astralis, Ivoclar Vivadent, Schaan, Liechtenstein) to flatten the surfaces. The specimens were then cured for 40 s through the Mylar strip and the glass slide. After every five specimens, the light output was checked using a photometric tester (Radiometer/Dentek, Inc., Buffalo, NY, USA) that exceeded 400 mW/cm. The cured specimens were then stored in 100% humidity at 37 c for 24 h before finishing procedures.\[[@ref12][@ref15]\]

Five specimens per each material received no finishing treatment after being cured under Mylar strips; these specimens served as a control. The remaining forty specimens among the tested materials were ground wet with 320 grit silicon carbide (SiC) paper.\[[@ref16][@ref17]\] A slow speed handpiece rotating at a maximum 15,000 rpm was used with a constant moving repetitive stroking action to prevent heat buildup and the formation of grooves. A new polishing disc was used for each specimen and was discarded after each use.

Ten specimens from each composite material were finished/polished with Eve discs at coarse, medium, fine, and superfine grits for 30 s (using stopwatch) each on the specimens. After each step of polishing, all specimens were thoroughly rinsed with water and air-dried before the next step until final polishing.

After polishing, the composite surfaces were assessed quantitatively by profilometry (Surtronic 3+, Taylor-Hobson, England) and qualitatively by scanning electron microscopy (SEM). The Surtronic 3+ System includes display and traverse unit, pick-up and diamond stylus, calibration standard, carrying case, and battery. The system is usable handheld on horizontal, vertical, and inclined surfaces or bench mounted with accessories for batch measurement or laboratory applications. The pickup holder is mounted on a slide for vertical adjustment and can also be rotated to different measuring positions including right-angled measurements. Roughness is produced by the action of the cutting tool or machining process usually in the form of process marks. Surface roughness was described by the arithmetic mean of the absolute ordinate values (average roughness Ra, as per ISO 4287).\[[@ref10]\]

S[CANNING ELECTRON MICROSCOPY EVALUATION TEST]{.smallcaps} {#sec2-2}
----------------------------------------------------------

For SEM evaluation, three specimens of each composite were randomly selected. The specimens were gold coated with the SCD 040 spattering device (Bal-Tec, Blazers, Liechtenstein). The SEM study was performed with JEOL JSM 6060 (JEOL JSM 6060, Tokyo, Japan) at a working tension of 25 kV. Photomicrographs of each surface were taken at ×2000 original magnification. Photo prints 16 cm ×12 cm in size were used. They were subdivided into 48 squares, with each square being assessed separately with respect to surface roughness, using four grading according to vision; smooth, homogenous surface or minor roughness or severe roughness or detrimental surface area.

During SEM examination, the type of composite was blind. After calibration in qualitative evaluation of roughness, assessment of the photomicrographs was carried out by two individuals.\[[@ref15]\]

S[TATISTICAL ANALYSIS]{.smallcaps} {#sec2-3}
----------------------------------

Ra values were distributed normally; statistical analysis was carried out using SPSS software (Version 21.0, SPSS Inc., Chicago, IL, USA). One-way ANOVA and *post hoc* tests (according to Scheffe\'s method) were employed.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

S[URFACE ROUGHNESS EVALUATION]{.smallcaps} {#sec2-4}
------------------------------------------

Univariate analysis of variance with 4 × 4 factorial randomized design models was used for statistical analysis, with a significance level at 0.05. When there was an interaction between the resin composites and polishing system, one-way ANOVA was used. The homogeneity of variances was checked with Levene statistic (*P* = 0.05). The *F*-test and *post hoc* Duncan\'s tests were used when the variances were homogeneous. When the variances were not homogeneous, differences between the groups were checked using Welch test and *post hoc* Dunnett C-test.

[Table 2](#T2){ref-type="table"} summarizes the average surface roughness values, standard deviations, and standard error. A Mylar strip was used as the control, and the surface roughness values for all tested resin composites were compared to that of the Mylar test.

###### 

Mean roughness values (um), standard deviations, and standard errors for the various materials evaluated
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S[CANNING ELECTRON MICROSCOPY EVALUATION]{.smallcaps} {#sec2-5}
-----------------------------------------------------

Qualitative assessment of the SEM photomicrographs accorded well with the quantitative results. SEM analysis of the Tetric Evo Ceram and Tetric Evo Ceram Bulk-Fill specimens polished with Eve revealed slightly the same surface appearance as the Mylar strip. Eve discs scratched and exposed fillers of Ceram-x. Eve discs for Z250 surfaces exposed and scratched the filler particles but less than occurred with Ceram-x as shown in [Figure 1](#F1){ref-type="fig"}.

![Scanning electron microscopy analysis after polishing; (a) Z250, (b) Tetric Evo-Ceram, (c) Tetric Evo-Ceram bulk-fill, and (d) Ceram-x](JISPCD-3-104-g003){#F1}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Proper finishing of restorations is desirable not only for esthetic considerations but also for oral health. The primary goal of finishing is to obtain a restoration that has good contour, occlusion, healthy embrasure forms, and a smooth surface. Bacterial adhesion to the surface of composite resins and other dental restorative materials is an important parameter in the etiology of secondary caries formation.\[[@ref15][@ref16]\] Hardness of material is defined as its resistance to permanent surface indentation or penetration, and this property is related to material strength, ductility, elastic stiffness, plasticity, strain, toughness, viscoelasticity, and viscosity.\[[@ref17][@ref18]\]

In addition, the effect of composition, degree of conversion, finishing, and polishing procedures can also affect the surface quality of composite resins. For this reason, the surface finish of composite resin is dependent on the microstructure and also on the finishing and polishing systems used to modify their surface.\[[@ref19][@ref20]\] Literature has well reported no appreciable difference in plaque accumulation between surfaces polished by different methods that resulted in standard surface Ra values in the range of 0.7--1.4 μm. Mostly, the Ra value was measured in each sample after the finishing and polishing procedures following the manufacture\'s instruction using a surface profilometer.\[[@ref21][@ref22]\]

The present study compared the surface roughness of different composite resin restorative materials; nanohybrid (Tetric Evo Ceram), nanoceraic (Ceram-x), Bulk-fill resin composite (Tetric Evo Ceram Bulk-Fill), and microhybrid resin composite (Z250) after finishing/polishing with Eve system. These restorative materials were selected because they have different filler load. Profilometers have been used for years to measure surface roughness in laboratory investigations.\[[@ref23][@ref24]\] More valid predictions of clinical performance can be made when the surface roughness measurements are combined with a SEM analysis that permits evaluation on the destructive potential of a finishing tool.\[[@ref25]\] In this study, surface roughness measurements were used for relative comparisons, and the results of the profilometric measurements were largely confirmed by SEM analysis.

Regarding the surface roughness of the different restorative resin composites investigated in this study, Mylar strip produced the smoothest surface in all restorative resin composite groups tested (Ra =0.112 μm). The efficiency of abrasive systems is usually related to flexibility of the backing material, in which the abrasive is embedded; hardness of the abrasive, geometry of the instrument, and how the instruments are used.\[[@ref14]\] For a composite finishing system to be effective, the abrasive particles must be relatively harder than the filler materials. If not, the polishing agent will only remove the soft resin matrix and leave the filler particles protruding from the surface. Even though the effects of previous finishing instruments on the surface roughness of resin composites have been well studied, the results are controversial.\[[@ref26]\] This difference is partly attributed to the size, hardness, and amount of filler of the resins used to restore the teeth. When surface roughness is evaluated, another contributing variable is the resin composite system.

Eve discs produced smoothest surfaces for Tetric Evo Ceram (Ra =0.204 μm) and Tetric Evo Ceram Bulk-Fill (Ra =0.181 μm). This can be attributed to the fact that two products are from the same manufacturer and may be more compatible with each other. An important factor is the intrinsic roughness of a composite material, which is determined by the size, shape, and quantity of the filler particles. During polishing, these particles can be worn away, rather than plucking out the large second particle from the resin itself. Eventually, the surfaces have smaller defects and better polish retention. On the other hand, Ceram-x surfaces (Ra = 0.451 μm) and Z250 (Ra = 0.292 μm) produced the roughest surface among resin composites tested. This may be attributed to both materials containing Barium glass filler. Z250 surfaces (Ra = 0.292 μm) produced less rough surfaces, and this may be attributed to Z250 contains the same filler (Zirconia/silica). Abdurazaq and Al-Khafaji in a similar study on nanohybrid, nanofilled, and microhybrid also concluded that all composites exhibited surface roughness, wherein nanohybrid exhibited consistent results in surface roughness values. This was in accordance to the results exhibited in our study.\[[@ref27]\] Giacomelli *et al*. in a similar study on different polishing systems and composites concluded that all composites and polishing systems generally exhibit surface roughness.\[[@ref28]\] Their compilation of results was found to be comparable and close to our study results. Hosoya *et al*. estimated surface roughness soon after polishing with different grit SiC paper. However, their results showed that surface roughness and color changes were greater with nanoceramics.\[[@ref29]\] This is also in agreement with our study results; however, the differences in results other samples may be explained on the basis of method of surface roughness measurement in ours and their study. Furthermore, nanoceramics release more TEGDMA (monomer) than microhybrid composites. Nanoceramics may present higher degradation in the oral environment than hybrid ones. This happens as the result of water sorption which leads to monomer elution.\[[@ref30]\]

According to the SEM images of Tetric Evo Ceram Bulk-Fill, no particle dislodging was observed, whereas the large glass fillers (0.04--1.2 μm) of Ceram-x were plucked away, leaving voids, or craters behind after being polished with Eve discs. Z250 also displayed a rougher surface after the application of Eve although it did not contain large glass fillers as did Ceram-x. This may be due to the fact that the effectiveness of the polishing systems was material dependent. In our study, we evaluated total sixty samples, wherein Bulk-Fill and nanohybrid resin composites showed smoothest surfaces compared with nanoceramic and microhybrid resin composites. Nevertheless, the results of this *in vitro* study sought to be compared with other studies of larger sample size. Results of the present study must also be interpreted with caution since in clinical practice; the intricate use of restorative materials and polishing systems could be limited to the real accessibility and uniformity of the surfaces to be finished. Further studies are also need to be conducted to determine the most appropriate finishing technique in clinical practice that can offer the best possible clinical results.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Within the limitations of the study, it was concluded that the general effect of a finishing and polishing system on surface roughness is largely dependent on both the polishing system and the restorative material. Among the tested materials, Bulk-Fill and nanohybrid resin composites exhibited smoothest surfaces compared with nanoceramic and microhybrid resin composites after polishing.
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